OBJECTIVE: This study compared the risk of clinically significant reflex bradycardia during anaesthesia with sevoflurane or desflurane in patients undergoing gastrectomy.
Introduction
Bradycardia or bradyarrhythmia is commonly encountered during abdominal surgery in connection with surgical manoeuvres, such as abdominal wall retraction or manipulation of the bowel or mesentery. 1 It is usually shortlived and rapidly responds to relief of surgical traction or the administration of anticholinergic drugs. 1 Several studies, however, have reported critical bradycardia or asystole during gastrectomy, 2 colectomy 3 and cholecystectomy. 4 Bradycardia during abdominal surgery is thought to be caused by reflex vagal activity. 1 -4 Y Joo, B-S Shin, E-A Cho et al.
Reflex bradycardia with desflurane or sevoflurane anaesthesia
The anaesthetics desflurane and sevoflurane both have low blood-gas solubility and can provide rapid control of anaesthesia depth and rapid emergence. Unlike sevoflurane, however, desflurane tends to increase heart rate. 5 -7 The exact mechanism is not clear, although this response may arise from stimulation of rapidly adapting airway receptors causing central activation of the sympathetic nervous system. 6, 7 Thus, since gastrectomy is a surgical procedure that can invoke high vagal stimulation, 8 we suggested the hypothesis that desflurane anaesthesia may be associated with a relatively low incidence of reflex bradycardia. The present prospective, randomized study was, therefore, designed to compare the incidence and severity of clinically significant reflex bradycardia during sevoflurane and desflurane anaesthesia in patients undergoing gastrectomy. 
Patients and methods

PATIENTS AND RANDOMIZATION
ANAESTHESIA PROTOCOL AND PATIENT MONITORING
Anaesthesia was induced without any anticholinergic premedication using 1.0 -1.5 mg/kg propofol and 0.1 mg/kg vecuronium intravenously. Patients were then intubated and anaesthesia was maintained by inhalation of 1.3 -2.7% sevoflurane or 4.0 -8.0% desflurane in combination with air in 50% oxygen. Heart rate, arterial blood pressure, arterial oxygen saturation, electrocardiography and bispectral index (BIS) values (BIS Vista™ Monitoring System; Aspect Medical Systems, Norwood, MA, USA) were monitored continuously. The depth of anaesthesia was controlled by altering the inhaled anaesthetic concentration based on the haemodynamic response to surgery and BIS values (with target values of 40 -60) at the discretion of the attending anaesthetist (E.-A.C.). All surgery was performed by the same surgical team.
The observation period was defined as the first hour after the surgical incision because, in our experience, most episodes of reflex bradycardia occur in that time period. A single attending anaesthetist (E.-A.C.) evaluated all of the observation variables. Reflex bradycardia was defined as a sudden decrease in heart rate to < 60 beats/min in association with surgical manipulation of Reflex bradycardia with desflurane or sevoflurane anaesthesia the abdominal content. Its severity was graded as mild (50 -59 beats/min), moderate (40 -49 beats/min) or severe (< 40 beats/min). Symptomatic reflex bradycardia, the primary outcome of the study, was defined as the occurrence of moderate or severe bradycardia irrespective of the level of systolic arterial blood pressure, or as the occurrence of mild bradycardia in association with a systolic arterial pressure of ≤ 70 mmHg.
When symptomatic reflex bradycardia occurred, 0.5 mg atropine or 4 mg ephedrine were administered intravenously as necessary according to the treatment protocol given in Table 1 . The onset time of reflex bradycardia, defined as the time from the surgical incision to the first occurrence of reflex bradycardia, was recorded. In addition, the minimum heart rate and systolic arterial pressure during each episode of reflex bradycardia, and the BIS values and end-tidal sevoflurane or desflurane concentrations at each onset of reflex bradycardia were noted. End-tidal inhalation anaesthetic concentrations were converted to age-corrected minimum alveolar concentration (MAC) values 9 to compare the depth of anaesthesia in the two groups. The attending anaesthetist (E.-A.C.) classified the surgical manoeuvres associated with the onset of reflex bradycardia into three categories: (i) manual retraction of the wound edge; (ii) setting-up of a self-retaining retractor; or (iii) manipulation of the bowel or mesentery.
When, in the opinion of the attending anaesthetist, an episode of cardiac instability not related to surgical vagal stimulation occurred, appropriate cardiovascular drugs were administered and these patients were excluded from the study analyses.
STATISTICAL ANALYSES
The primary outcome of the study was the A 50% decrease in the incidence of symptomatic reflex bradycardia in the desflurane group compared with the sevoflurane group was defined as clinically significant. Based on these figures and using α = 0.05 and β = 0.2 for a clinical study design incorporating two groups of equal size, a sample size of 42 patients per group was required. A total of 50 patients per group were recruited to compensate for possible dropouts.
Categorical variables were compared using Pearson's χ 2 -test with a continuity correction or Fisher's exact test as appropriate. Continuous variables were tested for normality using the Kolmogorov-Smirnov test. Normally distributed variables were presented as the mean ± SD and compared using an unpaired two-tailed Student's t-test. All statistical analyses were performed using SPSS ® software version 18.0 for Windows ® (SPSS Inc., Chicago, IL, USA). A P-value of < 0.05 was considered to be statistically significant.
Results
A total of 121 surgical patients undergoing scheduled gastrectomy were assessed for eligibility. Of these, 19 refused to participate and two failed to meet the inclusion criteria. The remaining 100 patients were randomly allocated to the sevoflurane group (n = 50) or the desflurane group (n = 50). Fifteen patients did not complete the study: eight patients in the sevoflurane group and six in the desflurane group developed cardiac instability not related to surgical vagal stimulation, and one patient in the desflurane group had an incomplete observation period due to surgery being abandoned after the discovery of advanced carcinoma. A total of 42 patients in the sevoflurane group and 43 patients in the desflurane group were, therefore, included in the analyses.
The sevoflurane group consisted of 27 females and 15 males, with a mean ± SD age of 59.3 ± 9.2 years, whereas the desflurane group consisted of 25 females and 18 males, with a mean ± SD age of 59.4 ± 7.9 years; the differences in gender and age between the groups were not statistically significant. In addition, there were no significant differences between the two groups in terms of baseline heart rate, baseline blood pressure or type of surgery (data not shown).
With the exception of one patient in the desflurane group, all episodes of reflex bradycardia met the predefined criteria for symptomatic bradycardia and the proportion of patients who experienced symptomatic reflex bradycardia was similar in the two groups ( Table 2 ). In all 53 patients with symptomatic reflex bradycardia, atropine and/or ephedrine were required as indicated in the treatment protocol. In 41 of the 53 patients, heart rate and blood pressure returned to normal after a single bolus intravenous injection of atropine or ephedrine; however, seven patients in the sevoflurane group and five patients in the desflurane group required repeated doses of atropine or ephedrine. The frequency of dysrhythmia was similar in both groups ( Table 2 ) and ranged from junctional rhythm, atrial or ventricular premature beats to atrioventricular block; however, these episodes lasted for only a few seconds.
There were no statistically significant between-group differences among patients with symptomatic reflex bradycardia with Reflex bradycardia with desflurane or sevoflurane anaesthesia respect to minimum heart rate, anaesthetic depth-related data (BIS values and end-tidal anaesthetic concentrations converted to agecorrected MAC values) and the type of surgical manoeuvre undertaken: (i) manual retraction of the wound edge; (ii) setting-up of a self-retaining retractor; or (iii) manipulation of the bowel or mesentery (data not shown). The latter was the leading causative surgical manoeuvre, being responsible for reflex bradycardia in 25 patients (86.2%) in the sevoflurane group and 21 patients (87.5%) in the desflurane group. Mean ± SD onset time of symptomatic reflex bradycardia was 13.9 ± 5.5 min in the sevoflurane group and 13.5 ± 6.9 min in the desflurane group. Overall, in the 53 patients who exhibited symptomatic reflex bradycardia, median (interquartile range) bradycardia onset time was 12 (10 -17) min, with all episodes developing within 40 min of surgical incision. The surgery had a mean ± SD operative time of 140.3 ± 27.7 min.
Discussion
The rate and rhythm of the heart are strongly influenced by changes in sympathetic and parasympathetic tone. As desflurane increases sympathetic activity, 6, 7 we suggested the hypothesis that desflurane anaesthesia would shift the sympathovagal balance toward a sympathetic predominance and thus, compared with sevoflurane, would reduce the risk of vagally mediated reflex bradycardia during gastrectomy. However, the present study found no difference between these two agents with respect to the incidence and severity of clinically significant reflex bradycardia.
The pathway for reflex bradycardia during abdominal surgery is not fully understood, but the afferent limb of the reflex is thought to involve the abdominal branches of the vagus nerve, with the cardiac branches of the vagus nerve forming the efferent limb. 1, 10 The fact that reflex bradycardia usually occurs immediately after displacement of the liver, insertion of the hand into the peritoneal cavity, traction on the abdominal mesentery, placement of packing or retraction of wound edges provides clinical evidence for the afferent pathway. 1 -4 In general, reflex bradycardia is the result of a marked increase in cardiac vagal outflow, a decrease in sympathetic cardiac outflow or a combination of the two. In the 10 a bradycardiac response to gastric distension was almost completely prevented by atropine and slightly decreased by the βreceptor antagonist propranolol. They concluded that gastric distension-induced bradycardia was primarily mediated by vagal efferent pathways but was also partially mediated by sympathetic βadrenergic efferent pathways. 10 The vagolytic effects of sevoflurane and desflurane, rather than a difference in sympathetic activity, might strongly influence the incidence and severity of reflex bradycardia. In a previous study in dogs, it was reported that cardiac vagal activity, as measured by heart rate variability, was the same under desflurane and sevoflurane anaesthesia, 11 which is consistent with the findings of the similar incidence of reflex bradycardia seen in the desflurane and sevoflurane groups in the present study. Controversy exists as to whether desflurane invariably increases sympathetic activity, particularly during the maintenance period of anaesthesia. 6, 12 Desfluranemediated sympathetic activation is a reflex response to the stimulation of receptors in or near the airways owing to the extreme pungency of desflurane. 6, 7 Thus, it is transient (< 10 min) in duration 5, 7 and becomes blunted following repeated exposure to rapid increases in the inspired concentration of the anaesthetic. 7 As a result, even though reflex bradycardia may be partially due to a decrease in sympathetic cardiac outflow, desflurane did not increase sympathetic activity enough to reduce the risk of reflex bradycardia in the present study.
The incidence of reflex bradycardia may vary depending on the type of surgery, the anaesthetic drugs used and the cut-off value for the definition of bradycardia. The relatively high incidence of reflex bradycardia found in the present study may be attributable to the surgical procedure studied. This is supported by a neuroanatomical study that demonstrated that the mechanoreceptors that sense traction stimuli in the mesentery are situated near the jejunal arteries, in particular close to their branching points, and these afferent nerve fibres travel with the splanchnic nerves. 13 These receptors are particularly likely to be stimulated during gastrectomy.
The limitations of the present study should be acknowledged. First, no anticholinergic prophylaxis was administered, which may have been able to prevent vagally mediated reflex bradycardia. However, although anticholinergic prophylaxis has been shown to decrease the incidence of reflex bradycardia, the effect is not consistently reliable. 1, 8 Additionally, anticholinergic premedication may give rise to tachycardia, which can be as harmful as bradycardia in patients with cardiovascular instability. Secondly, the results of the present study may not reflect the actual incidence of reflex bradycardia during gastrectomy because the observation period was limited to the first hour after the surgical incision. However, all episodes of symptomatic reflex bradycardia developed within 40 min of the surgical incision, i.e. early on in the surgery. A possible explanation for this phenomenon is that repeat mechanical manipulations may produce a reduced or fatigued reflex after the first manipulation. 14 Thus, these current results are likely to reflect the actual incidence of reflex bradycardia occurring during gastrectomy. A final limitation involves whether the depth of anaesthesia during surgical vagal stimulation was comparable in the two groups. A previous study has suggested that inappropriate anaesthetic depth increases the incidence of the oculocardiac reflex during paediatric
